Purpose. To investigate the clinical features and ocular manifestations of biopsy-proven pulmonary sarcoidosis in Korea. Methods. 55 patients diagnosed with pulmonary sarcoidosis by bronchoscopic or excisional biopsy were included. By retrospective clinical chart review, we investigated features of uveitis, ocular and systemic treatments, visual acuity, angiotensin-converting enzyme level, chest radiography, and pulmonary function tests. Clinical features were analyzed by presence of uveitis, site of biopsy, and first manifested sign of sarcoidosis. Results. The group with uveitis (n = 39) presented with higher systemic (71.8%) and immunosuppressive treatment rates (35.9%) than the group without uveitis (31.3%, 0%, resp.) (P = 0 007, P = 0 005, resp.). There were no significant differences in clinical features, including systemic treatment rate, by type of biopsy. Of 39 patients with uveitis, the group with ocular manifestation as a first sign of sarcoidosis showed higher systemic and immunosuppressive treatment rates (88.9%, 55.6%) compared to the group with pulmonary manifestation as a first sign (57.1%, 19.0%) (P = 0 037, P = 0 018, resp.). Conclusions. In patients with biopsy-proven pulmonary sarcoidosis, the presence of ocular involvement and uveitis as a first sign could be significant factors associated with higher systemic treatment rate, especially with immunosuppressive agents. Biopsy site determined by location and size had no influence on clinical features.
Introduction
Sarcoidosis is an idiopathic chronic inflammatory disease that affects multiple organs [1] . Approximately 30% to 60% of patients with sarcoidosis develop ophthalmic changes, and granulomatous uveitis is a common manifestation of ocular sarcoidosis [2] [3] [4] . Ocular sarcoidosis can occur without apparent systemic involvement, and ocular involvement can be the main site of disease without any significant systemic involvement [5] .
It is difficult to confirm the diagnosis in patients suspected to have ocular sarcoidosis without biopsy findings or significant extraocular manifestations, such as bilateral hilar lymphadenopathy, increased serum angiotensin-converting enzyme (ACE) level, and other laboratory findings.
Sarcoidosis can be convincingly diagnosed by typical histological findings of noncaseating granuloma in biopsy specimens and the exclusion of previous exposure to specific pathogens that cause granulomatous inflammation, such as acid-fast bacilli [4] . However, a biopsy of intraocular tissues is not commonly performed because of the high risk of complications. A biopsy of other tissues, such as lung, skin, and peripheral lymph nodes, is usually performed for diagnosis [6] . Bronchoscopy-assisted biopsy techniques, such as endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA), are often used to diagnose sarcoidosis [7, 8] .
In previous studies, the ocular involvement of biopsyproven sarcoidosis has been reported in 21-55% of cases [9] [10] [11] . Biopsy sources include the lung, skin, lymph nodes, and other organs. In another study, the ocular involvement of confirmed pulmonary sarcoidosis was reported in 74% of cases [9] . Differences in the ocular involvement rate can be explained by regional variation in the prevalence of sarcoidosis, HLA typing, clinical practice, and other factors [11, 12] .
In this study, we investigated the clinical features and ocular manifestations of pulmonary sarcoidosis confirmed by endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) or excisional biopsy of hilar or extrapulmonary lesion in Korean patients and compared the findings with other reported features of biopsy-proven sarcoidosis.
Methods
Patients who were diagnosed with pulmonary sarcoidosis based on biopsy findings (EBUS-TBNA, excisional biopsy of hilar lesion, or excisional biopsy of extrapulmonary lesion) between January 2011 and December 2015 were included in this retrospective single-center study. Patients with evidence of other granulomatous disease or other causes of uveitis (such as positive tuberculin test or positive syphilis serology) and patients with sarcoidosis in other major organs (e.g., the brain, heart) were excluded. Sarcoid nodules in the skin or other peripheral lymph nodes (e.g., the axilla, neck) were not considered exclusion criteria. Histological findings of all patients showed noncaseating granuloma without acid-fast bacilli and significant lymphocyte cell populations with multinucleated cells [7, 13] .
Biopsy type was determined by pulmonary specialists based on the site of the most easily accessible lesion. Most patients with hilar lesions and without extrapulmonary lesions by bronchoscopy underwent EBUS-TBNA. However, patients without any accessible hilar lesion by bronchoscopy underwent excisional biopsy of hilar lesion by thoracoscopy. If a patient had extrapulmonary lesions that were more easily accessible by excisional biopsy than bronchoscopic biopsy, an excisional biopsy of the extrapulmonary lesion was performed for histological confirmation.
All patients reported to the ophthalmology department and underwent comprehensive ophthalmologic examinations, including best-corrected visual acuity (of the manifested eye or of the more severely affected eye), anterior segment slit-lamp examinations, intraocular pressure, gonioscopy, funduscopy with wide-field contact lens, optical coherence tomography (OCT), and fluorescein angiography (FAG). Sarcoid uveitis was diagnosed by characteristic ocular signs of sarcoidosis based on the International Workshop on Ocular Sarcoidosis (IWOS) guidelines of 2009 [14] : (1) mutton-fat keratic precipitates and iris nodules; (2) nodules in the trabecular meshwork and tent-shaped peripheral anterior synechia; (3) snowball or string-of-pearls vitreous opacities; (4) nodular periphlebitis; (5) multiple chorioretinal lesions; (6) optic disc nodule(s)/granuloma(s) and/or solitary choroidal nodule; and (7) bilaterality.
We classified the type of uveitis into anterior, intermediate, and posterior uveitis. Anterior uveitis was defined as signs of inflammation in anterior chamber without vitreal or retinal change. Intermediate uveitis was defined as vitreal cell or vitreal opacity without retinal change. Posterior uveitis was defined as uveitis with retinal change found by either funduscopy or angiography. The patients with angiographic change including focal retinal phlebitis, disc leakage, or diffuse vascular leak were classified as having posterior uveitis. The patients with only vague vascular leak at far periphery, focal arterial or capillary leak, or angiographic CME were not classified as having posterior uveitis.
By retrospective clinical chart review, demographic data, number of uveitis attacks, type of uveitis, Snellen visual acuity of worse eye at last follow-up, complications, and treatments were investigated. Extraocular manifestations, results of serum angiotensin-converting enzyme (ACE) assay at time of diagnosis, chest radiography including plain X-ray or computed tomography (CT) at time of diagnosis, and pulmonary function tests (PFT) at last follow-up were also assessed.
Statistical analysis was carried out with SPSS 19.0 software (SPSS Inc., Chicago, IL, USA), and a P value < 0.05 was defined as statistically significant.
Results
A total of 55 patients with biopsy-proven pulmonary sarcoidosis were included and had a mean age of 53.6 ± 14.0 and female dominance (45 over 55). The group of biopsyproven pulmonary sarcoidosis included 39 patients with ocular manifestations (70.9%), 49 patients with bilateral hilar lymphadenopathy (BHL) (89.1%), 37 patients with increased ACE level (67.3%), and 1 patient with abnormal pulmonary function test who showed no ocular manifestations. Of 33 patients with systemic treatments, 19 (34.5%) were treated by systemic steroids and 14 (25.5%) were treated by immunosuppressive agents. A total of 22 patients (40.0%) did not require systemic treatment.
The 39 patients with ocular involvement had a mean age of 57.1 ± 15.5 years and were predominantly female (35 out of 39). There was a statistically significant difference in mean age (48.0 ± 13.7 years) and sex ratio (10 out of 16) of patients without and with ocular involvement (P = 0 045, P = 0 048, resp.). In the group with ocular involvement, 87.2% had BHL by chest radiography (34 patients), 74.4% had increased ACE (29 patients), mean ACE level was 77.1 ± 40.9, and mean visual acuity (Snellen) was 0.83 ± 0.19. In the group with no ocular involvement, 15 patients had BHL (93.8%) and 8 patients had increased ACE (50.0%); mean ACE level was 61.7 ± 33.9 and mean visual acuity (Snellen) was 0.90 ± 0.14. These results showed no statistically significant difference between the 2 groups (P = 0 66, P = 0 12, P = 0 19, and P = 0 15, resp.). There was a statistically significant difference in the rate of systemic treatment (28 patients, 71.8% of the group with ocular involvement and 5 patients, 31.3% of the group with no ocular involvement) (P = 0 007). The rate of immunomodulative treatment was also significantly different between the 2 groups (14 patients, 35.9% of the group with ocular involvement and no patients in the group with no ocular involvement) (P = 0 005) ( Table 1) .
There were 3 patients who underwent intravitreal or periocular injection of steroid for macular edema (1 patient with unilateral macular edema and 2 patients with bilateral macular edema). One of the patients with macular edema underwent pars plana vitrectomy for diagnosed refractory unilateral macular edema. There were no patients with visually significant epiretinal membrane which showed over 300 μm of central macular thickness. All the complicated patients were diagnosed as having sarcoidosis by EBUS-TBNA.
38 patients with biopsy-confirmed sarcoidosis by EBUS-TBNA (group A), 8 with excisional biopsy of a hilar lesion (group B), and 9 with biopsy of extrapulmonary lesions (group C) were investigated for comparison. In group C, biopsy of extrapulmonary lesions were done for the skin (4 patients) and axillary lymph node (5 patients). The three groups (A, B, and C) did not show differences in mean age (53.8 ± 13.9, 53.5 ± 15.5, and 57.9 ± 16.2, resp.) or female sex ratio (31 of 38, 5 of 8, and 9 of 9, resp.) (P = 0 96 and P = 0 14, resp.). The measurements of groups A, B, and C did not show significant differences in positive rate of BHL by radiography (92.1%, 87.5%, and 77.8%, resp.), rate of patients with increased ACE (68.4%, 62.5%, and 66.7%, resp.), mean ACE level (73.8 ± 40.0, 65.9 ± 36.4, and 72.2 ± 43.8, resp.), and Snellen visual acuity at last follow-up (0.82 ± 0.23, 0.92 ± 0.13, and 0.83 ± 0.25, resp.) (all P values > 0.10). Although there was no statistical significance, the rates of ocular involvement, systemic treatment, and immunomodulative treatment were higher in group C (100%, 88.9%, and 66.7%, resp.) than those in groups A (65.8%, 55.3%, and 23.7%, resp.) and B (62.5%, 50.0%, and 12.5%, resp.) (P = 0 11, P = 0 15, and P = 0 29, resp.) ( Table 2 ).
In the group with ocular involvement (n = 39), 18 patients presented with ocular symptoms as an initial manifestation of sarcoidosis and visited the department of ophthalmology first. Based on site of uveitis, 12 patients (30.8%) manifested only anterior uveitis, 10 patients (25.6%) manifested intermediate uveitis without posterior involvement, and 17 patients (43.6%) manifested posterior or panuveitis. The rate of bilateral involvement of uveitis was 74.4% (29 patients). Regarding uveitis complications, 7 patients had cystoid macular edema, and 2 patients had uveitic glaucoma. Six patients underwent intravitreal injection treatment, and 1 patient underwent pars plana vitrectomy for control of uveitis or treatment of complications.
Of the 18 patients with ocular involvement as an initial manifestation of sarcoidosis (ocular manifestation first group), the mean age was 57.4 ± 15.3, and females were predominant (17 over 18). There was no significant difference in the mean age (51.1 ± 12.0) or female sex ratio (18 over 21) compared with the ocular manifestation first group in the 21 patients with extraocular involvement (extraocular manifestation first group) as the initial manifestation of sarcoidosis (P = 0 45 and P = 0 61, resp.). The ocular manifestation first group showed no significant difference in rate of positive bilateral hilar lymphadenopathy (83.3%), rate of increased ACE level (72.2%), mean ACE level (82.4 ± 46.5), rate of ocular complications (22.2%), or final visual acuity (0.83 ± 0.19) compared with the extraocular manifestation first group (90.5%, 76.2%, 72.6 ± 36.0, 23.8%, and 0.90 ± 0.14, resp.) (all P values > 0.05). The distribution of characteristic ocular signs of sarcoidosis based on IWOS guidelines [14] did not show significant differences between the 2 groups (all P values > 0.05). In the ocular manifestation first group, there were significantly more frequent prescriptions of systemic steroids (88.9%) or immunomodulative agents (55.6%) than in the extraocular manifestation first group (57.1% and 19.0%, resp.) (P = 0 037 and P = 0 018, resp.) (Table 3 ).
Discussion
This study indicates that the presence of uveitis and uveitis as a first manifestation of biopsy-proven pulmonary sarcoidosis could be significant factors associated with higher systemic treatment rate, especially with immunomodulative agents. The biopsy site was determined by accessibility, and presence of extrapulmonary lesion did not have an effect on clinical features or systemic treatment rate.
Of 55 patients with biopsy-confirmed pulmonary sarcoidosis, most did not have any respiratory signs or symptoms that limited daily life. Some patients experienced mild cough, and 1 patient without uveitis showed decreased pulmonary function, but the daily activity of this patient was not severely limited. Although patients with uveitis showed some complications and treatment history, their mean visual acuity at last follow-up was up to 20/25 by Snellen chart. These findings are similar to those of previous reports about the visual prognosis of sarcoid uveitis [15] [16] [17] .
Despite similar respiratory and visual prognoses, patients with ocular involvement had significantly higher treatment rates with systemic steroids or immunomodulative agents in this study. This might have been affected by clinical settings or other factors, but the results suggest that ocular involvement could be of clinical interest for systemic treatment. In a previous study [17] , there was a higher systemic treatment rate in patients with ocular and systemic sarcoidosis compared to patients with isolated ocular sarcoidosis. The disagreement between the two studies could be due to the locations of systemic involvement by sarcoidosis. In this study, most extrapulmonary manifestations were limited to the skin and peripheral lymph nodes, except in 1 patient with development of cardiac sarcoidosis. A previous study [17] included a number of patients with major organ involvement (the liver, cardiac, CNS, and kidney), and differences in disease severity could result in disagreements in treatment rate. Bronchoscopy-assisted biopsy is reported to have about 70% diagnostic yield for pathological confirmation of sarcoidosis [18] . As a new diagnostic tool, endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) showed 74.5-86% [19, 20] diagnostic yield and is considered to have a higher diagnostic value than transbronchial lung biopsy (TBLB). High diagnostic yield, easier approach to lesions, and outpatient-based procedure were reasons for the higher distribution of patients in the EBUS-TBNA group.
Higher serum ACE could indicate higher monocytic cell line activity or granulomatous inflammation [21] . The predictive value of ACE for diagnosing sarcoidosis is 47%, lower than that of chest radiographic findings [22, 23] . Although there was no statistical significance, the rate of increased ACE level and mean ACE level was slightly higher in the group with ocular involvement in this study. It is possible that, in patients with sarcoidosis, higher serum ACE level could indicate higher disease activity and increased vulnerability for ocular manifestations. Further studies are needed to investigate the clinical significance of ACE level in sarcoidosis with and without ocular involvement.
Comparison of groups with different biopsy types used for diagnosis showed that extraocular and extrapulmonary manifestations did not influence ocular manifestation, ACE level, or systemic treatment rate. Although there were few patients, this study suggests that, except for major organs, extraocular manifestations are insufficient to indicate the disease activity of sarcoidosis.
Kim et al. [24] reported that 7.1% of Korean patients with noninfectious uveitis were diagnosed with sarcoidosis. There was ocular involvement by sarcoidosis in 26.5% of cases, and uveitis was an initial manifestation in 13.7% of cases. The female ratio was 80.7%, and bilateral involvement by uveitis occurred in 87.1% of cases. Lee et al. [10] also reported a dominant female prevalence (86%) and high bilateral involvement (77%).
In this study, female prevalence (81.6%) and bilateral involvement rate (74.4%) were similar, but the ocular involvement rate and uveitis as initial manifestation were much higher than in previous studies [10] (65.8% and 46.2%, resp.). Routine peripheral fundus examination with contact lenses and wide-field fluorescein angiography could explain the higher incidence of uveitis, especially posterior uveitis or panuveitis. These exams can identify peripheral retinal granulomatous lesions and mild disc or vascular leakage, which cannot be identified by routine fundus exam. Further study will be needed for the sensitivity of wide-field imaging in the diagnosis of sarcoid uveitis. The ocular involvement rate of transbronchial biopsyproven sarcoidosis was 65.8% in this study. This is comparable with the rate reported in previous studies (21-74%) [9] [10] [11] [12] . Differences in ocular involvement rate are explained by regional variations in the prevalence of sarcoidosis, HLA typing, clinical practice, and other factors [11, 12] . Since previous studies [9, 11] included the patients with sarcoidosis involving major organs other than the lung, the inclusion of pulmonary sarcoidosis without other major organ involvement in this study could be a reason of difference in the ocular involvement rate. Dominant type of uveitis and bilateral involvement are variables between studies of confirmed sarcoidosis [9-12, 25, 26] (Table 4) .
In this study, we only included the patients with biopsyproven pulmonary sarcoidosis without other major organ involvement. A careful interpretation for this study would be needed because of the limited disease severity and number of included subjects. Laboratory markers, like lysozyme and soluble interleukin 2, were not routine examinations for the patients with sarcoidosis in our clinical setting. The lack of results of laboratory markers, which could indicate the activity or burden of sarcoidosis [22] , could be a limitation of this study. For some subjects, the follow-up period was relatively short in this study. Further study will be needed for the long-term incidence of uveitis in the biopsyconfirmed pulmonary sarcoidosis. In conclusion, Korean patients with biopsy-proven pulmonary sarcoidosis showed a high ocular involvement rate of 65.8% with dominant female prevalence (78.8%). Uveitis showed a high bilateral involvement rate (74.4%) and a relatively high ocular manifestation rate as initial manifestations (46.2%) in this study. The presence of ocular manifestations and uveitis as a first sign of disease could be significant factors associated with higher treatment rate. The accessibility of pulmonary lesions and extraocular manifestations of minor organs are not proper markers of disease activity or decisive factors for treatment.
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